reported new electrical conductivity measurements on oriented single crystals of hydrous olivine showing a higher increase in conductivity and conductivity anisotropy at high temperature than previously reported. After recalling that the highest conductivities of the upper mantle (e.g. >0.1 S/m) cannot reasonably be explained by previous hydrous olivine conductivity data, they existing models that olivine with mantle-relevant water concentrations is unlikely to produce significant conductivity anisotropy in deformed mantle and is unable to produce the highest conductivities of the upper mantle, which therefore likely result from partial melting.
© 2015 Elsevier B.V. All rights reserved. Dai and Karato (2014a) analyzed the hydrogen content in their olivine samples using unpolarized Fourier transform infrared spectroscopy (FTIR) and the calibration of Paterson (1982) to report H 2 O concentrations. Dai and Karato (2014a) recalled that this calibration is known to underestimate by a factor of ∼3 actual H 2 O concentrations (referred to as 'SIMS calibration' in their article). When conversion is required, we will here use a factor of 2.22 which is more consistent with the latest calibration of Dai and Karato (2014a) stated that their new conductivity measurements on oriented single crystals up to 1100 • C agree well with previous studies at low temperature and significantly deviate at high temperature where the temperature dependence of conductivity increase strongly. However, the isotropic average of the conductivity measurements of Dai and Karato (2014a) is lower than the previous measurements of their group on polycrystalline olivine at identical conditions (4 GPa, Ni/NiO buffer, Paterson calibration) ( Fig. 1a ; Wang et al., 2006; Karato, 2014b, 2014c Fig. 3 ) with (a) the previous measurements and model of their group on polycrystalline olivine at identical conditions (4 GPa, Ni/NiO buffer, water Gardés et al. (2014) added, and by the dry conductivities of Gardés et al. (2014) . See Supplementary Information for details on data selection and calculations.
Foreword on samples water concentration

Consistency of the data
by −0.5 to −0.8 log unit over 600-1000 • C (Fig. 1a) . This internal inconsistency is not mentioned by Dai and Karato (2014a) .
The isotropic average of the conductivity measurements of Dai and Karato (2014a) is about 0.5 to 2.5 log unit lower than the models of Wang et al. (2006) , Poe et al. (2010) , Jones et al. (2012) and Gardés et al. (2014) at equivalent concentrations over the experimental temperature range (300-1100 • C), and remains lower when extrapolated at higher temperatures (Fig. 1b) . Only the model of Yoshino et al. (2009) yields lower conductivities. In Fig. 1a of Dai and Karato (2014a) Thus, the data of Dai and Karato (2014a) are actually among the lowest hydrous olivine conductivities of literature, being intermediate between the model of Yoshino et al. (2009) providing the lowest conductivities and the model of Gardés et al. (2014) reproducing the rest of the database.
Conduction mechanisms
ductivities being ∼1-2 log unit lower (Figs. 1c and S1 ). The conversion of the data of DuFrane and Tyburczy (2012) The fastest hydrogen diffusion in olivine was observed during the initial steps of hydration experiments (Kohlstedt and Mackwell, 1998; Demouchy and Mackwell, 2006) . This fast incorporation was assumed to occur via the interdiffusive exchange of interstitial proton (H i ) and polaron ('redox exchange'), and to be rate-controlled by the slower proton diffusion. A second much slower mechanism of hydration was observed, where hydrogen was assumed to be associated to Me-vacancies ((2H) Me ) and to be rate-controlled by the slower vacancy diffusion.
The high temperature conduction regime of Dai and Karato (2014a) is not compatible with (2H) Me diffusion. It has a much lower activation energy and an anisotropy orientation opposite to (2H) Me diffusion (87-140 vs. 204-258 kJ/mol; ∼1.5 log unit faster along [100] than [001] vs. faster ∼1.5 log unit faster along [001] than [100] and [010]). When converted using the Nernst-Einstein equation, the diffusivities of (2H) Me yield much lower conductivities than measured by Dai and Karato (2014a) (Figs. 1c and S1 ).
We show in Figs. 1c and S1 that the high temperature conductivities of Dai and Karato (2014a) are remarkably well reproduced by H i diffusion, in term of magnitude, activation energy and anisotropy. Their low temperature conductivities, though much lower in magnitude, have a low activation energy and low anisotropy similarly to previous studies. In particular, Wang et al. (2006) and Dai and Karato (2014b; 2014c) reported low and constant activation energies (∼80-90 kJ/mol) up to almost the same temperature as Dai and Karato (2014a) (1000 vs. 1100 • C).
Therefore, in contrast to the interpretation of Dai and Karato (2014a) , their high conduction regime appears to be controlled by interstitial diffusion and their low temperature regime appears to be controlled by the same low activation energy and low anisotropy mechanism as in previous measurements. It is unclear why the latter regime was less effective in the measurements of Dai and Karato (2014a) (see Supplementary Information for further discussion). Their study however evidences that conduction by H i diffusion can be effective in hydrous olivine and suggests that this mechanism could be added to previous conductivity models. Doing so for the model of Gardés et al. (2014) enhances anisotropy at high temperature but to a much smaller extent than reported by Dai and Karato (2014a) , and leaves their isotropic conductivity virtually unchanged ( Fig. S2; Supplementary Information) .
The exact relevance of the various measurements and models for actual mantle conditions remains to be determined. Gardés et al. (2014) have shown that their model reproduces fairly well the conductivities of a lithospheric setting where temperature and olivine water concentration are well constrained (Jones et al., 2012) , whereas the model of Dai and Karato (2014a) and Yoshino et al. (2009) yield significantly lower conductivities (Supplementary Information). Fortunately, the variability of hydrous olivine conductivity data at low temperature attenuates at high temperature where the models converge (Fig. 1d) , therefore unambiguous conclusions can reasonably be drawn for asthenospheric olivines. Dai and Karato (2014a) recalled that the typical mantle wacentration in olivine may differ because of partitioning between mantle minerals. Petrological surveys indicate that water concentration of olivine in equilibrium within peridotite is roughly the same as bulk peridotite at 400 km depth but is ∼5 times lower at 130 km depth (Ardia et al., 2012) , implying typical mantle-olivine depths. Peridotite-saturated H 2 O storage capacity of olivine, that is maximum olivine water concentration before the onset of hydrous ductivities to lower concentrations assuming σ ∝ C r H 2 O and r values ranging from 0.6 to 1, r = 1 being their preferred case at high temperature (there is indeed no evidence for r < 1 at high sphere conductivities reported in their Fig. 5 for r = 1 (note that the labels for r = 0.6 and r = 1 are inverted on their figure since the slope for r = 1 should be steepest).
Implications for the upper mantle
The range of asthenosphere conductivities considered by Dai and Karato (2014a) merges distinct conductivities from two different settings. Evans et al. (2005) reported asthenosphere conductivities at 100-200 km beneath 1.3-4.5-My seafloor at southern East Pacific Rise (EPR) of ∼0.02 S/m according to their isotropic model or less (Fig. 1d) . However, ∼10 −2 S/m is a value which falls in the mid-range of usual asthenosphere conductivities at these depths (up to ∼10 −1 S/m; e.g. Lizarralde et al., 1995) . Contrastingly, Naif et al. (2013) reported 0.17-0.25 S/m around the lithosphere-asthenosphere boundary (45-70 km depths) beneath 23-My seafloor from EPR. These data are ∼1 log unit higher ∼1-2 log unit lower conductivities than Naif et al. (2013) (Fig. 1d) . tents, both of them favoring melting. For instance, olivine with according to the model of Dai and Karato (2014a) . Water incorporation could be higher in olivines from old -and therefore cold -lithospheric mantle, but producing high conductivities requires concentrations far above relevant ranges to compensate the decrease in temperature. For instance, at 1100 • C, 0.1 S/m can only of hydrous olivine (σ max /σ min ) is ∼10 over 1100-1600 • C (Fig. 1e) , which is much lower than the factors ∼30-50 required to produce anisotropy factors of ∼2-3 in a deformed mantle aggregate as considered by Dai and Karato (2014a) .
The model of Dai and Karato (2014a) , together with the other models, shows that hydrous olivine conductivity with mantlerelevant water concentration is compatible with usual upper mantle conductivities but is incompatible with the highest conductivities and is unlikely to produce significant conductivity anisotropy in deformed mantle. The highest conductivities of the upper mantle must therefore result from another process than olivine hydration, which is likely to be partial melting (e.g. Sifré et al., 2014) .
